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doi:10.1016/j.ejvs.2011.02.028Abstract Objectives: The aim of the study was to assess if technical and patient-related
factors are related to outcome after carotid surgery.
Design: Vascunet is a collaboration of national and regional registries with 10 contributing
countries.
Patients and methods: Data from 48 035 carotid endarterectomies (CEAs) performed in 383
centres, during 2003e2007, were merged into a common database.
Results: CEA was performed without patch (34%), with patch (40%) or with eversion (26%) in
74% for symptomatic and in 26% for asymptomatic disease.
Overall (in-hospital and 30-day) mortality was 0.45%. Type of CEA or anaesthesia did not
affect mortality, nor did contralateral occlusion. Mortality was higher in patients above the
age of 75 years, for both genders (p < 0.05).
The overall (in-hospital) stroke rate was 1.9%, themethod of anaesthesia did not affect stroke
rate. It was higher in patients with contralateral occlusion (4.6% vs. 2.5%, pZ 0.002). Standard
CEAwithout patch had a higher stroke rate than when a patch was used (2.3 vs. 1.7%, pZ 0.015).
Female patients >75 years had a higher stroke rate than younger women (2.0% vs. 1.6%,
pZ 0.078); this difference was not observed in men.533 132; fax: þ36 72 532 810.
.com (G. Menyhei).
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involved provides useful information on outcomes, supplementing data from the randomised
clinical trials (RCTs).
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Comparative audit is an essential part of surgical practice.
Whilst it is important to audit outcomes at individual, local
and regional levels, often the small numbers of cases
involvedmake it difficult to draw robust conclusions from the
data. The Vascunet collaboration supports international
vascular audit with the potential advantage of an enormous
database of major vascular surgical procedures. This
provides a robust tool for evaluating the outcomes of the
common vascular procedures and the conclusions drawn can
be usefully applied to everyday practice in areas where data
from randomised controlled trials (RCT) are not available.1
This article examines the procedure of carotid endarter-
ectomy (CEA). The role of CEA in stroke prevention has been
demonstrated by large RCTs.2e4 Based on the results of recent
prospective randomised trials (Endarterectomy versus Angio-
plasty in Patients with Symptomatic Severe Carotid Stenosis
(EVA 3S), International Carotid Stenting Study (ICSS) and
Carotid Revascularization Endarterectomy vs Stenting Trial
(CREST)) comparing the outcome following CEA and carotid
stenting (CAS), one must conclude that, at present, CEA
remains the intervention of choice for carotid bifurcation
disease.5,6 However, there is still controversy about which
type of endarterectomy provides a better outcome, and
whether the method of anaesthesia and the age of the
patients have impact on short- or long-term results.7
The aim of this analysis was to assess how the type of
CEA and the type of anaesthesia affect outcome as well as
other factors such as age.
Patients and Methods
Registry details
Vascunet is a collaboration of predominantly European
vascular registries. It started its activity in 1997 and was rec-
ognised by the European Society for Vascular Surgery (ESVS)
Council as an official working group of the ESVS in 2004.
This article presents the data of carotid surgery submitted
to the registries from 10 contributing countries in Europe and
Australasia during the 5-year period between 1 January 2003
and 31 December 2007. Data were recruited from eight
national (Denmark, Hungary, Italy, New Zealand, Norway,
Sweden, Switzerland and UK) and two regional databases
(Australia and Finland). As several of the countries do not
collect data on CAS, we decided not to include those
procedures in the current analysis.
Data files from the contributing countries were submitted
via the Internet to the central database run by Dendrite
Clinical Systems. Data merging and analysis were performed
in this centre and a report of basic analysis, including data of
abdominal aortic aneurysm (AAA) and carotid surgery, waspublished in July 2008.8 A further, more detailed analysis of
all carotid data, including subgroup analysis, was carried out
in 2009. This publication reports on the results of the second
review.
Data submissionwas voluntary in all participating centres.
Each of the national registries did not record every param-
eter, although therewas considerable agreement on thedata
fields among national registries. Each country performs
validation of its registry; however, the validation process
varies among countries. Six registries study their external
validity by comparisons with national administrative regis-
tries. Eight registries examine their internal validity through
studies of a sampleby re-registering data or by local checks in
each hospital.
Statistical methods
All statistical analysis was performed using the Statistical
Package for Social Sciences (SPSS) 15.0 software (SPSS Inc.,
Chicago, IL, USA). Categorical data are expressed as
percentages and continuous variables as mean with stan-
dard deviation. Possible significant differences were ana-
lysed between the groups by means of the chi-squared test
and Fischer’s exact test. Results are presented as odds
ratios (ORs). These represent the increased (or decreased)
odds (with 95% confidence interval) of an outcome in the
compared groups. A p value <0.01 was defined as statisti-
cally significant, thus adjusting for the fact that multiple
analyses were performed.
Patient demographics
Between 1 January 2003 and 31 December 2007, 48 035
carotid operations were submitted to the registry from 383
centres from 10 countries (Table 1). The number of contrib-
uting centres per country varied from two (Finland) to 115
(Italy). The mean age was similar for male and female
patients (67 years). Of all patients, 68% undergoing carotid
surgery were male. Most patients were symptomatic (74%)
with 26% being operated on for an asymptomatic carotid
stenosis, although they may have had a contralateral symp-
tomatic stenosis. The average percentage of contralateral
occlusion was 9%, but only three countries recorded this
variable. The type of CEA was recorded in approximately
one-third of all patients. Themost commonly usedmethod of
carotid operationwas standard endarterectomywith a patch
(40%). Four countries recorded the type of anaesthesia, and
general anaesthesia was used in 68%.
Results
Overall, the mortality following all CEAs was 0.45%. The
majority of the studied patients (79%) was followed for 30
Table 1 Characteristics of patients.
Operated patients 48 035
Mean age (SD) 67 (9.086)
Male gender 32 637 (68%)
Indication (n Z 18 024)
Asymptomatic 4686 (26%)
TIA 5838 (32%)
Amaurosis 2163 (12%)
Previous stroke 4866 (27%)
Other 541 (3%)
Contralateral occlusion (n Z 19 260) 1733 (9%)
Type of endarterectomy (n Z 15 766)
Standard with patch 6226 (40%)
Standard without patch 4123 (34%)
Eversion 5349 (26%)
Other 68 (0.4%)
Type of anaesthesia (n Z 20 158)
General anaesthesia 13 338 (67%)
Locoregional anaesthesia 6820 (33%)
Table 2 Stroke, mortality and cranial nerve injury in
locoregional or general anaesthesia.
n Z 20 141 Locoregional
n Z 6710
General
n Z 13 136
Significance
Stroke 93 (1.4%) 202 (1.5%) p Z 0.410.
Mortality 33 (0.5%) 69 (0.5%) p Z 0.756.
Cranial nerve
injury
196 (2.9%) 433 (3.3%) p Z 0.233
Outcome Following Carotid Endarterectomy 737days for survival and in only 21% was survival based on in-
hospital follow-up. Comparing the mortality of symptom-
atic and asymptomatic patients, no significant difference
was found (0.49 vs. 0.38%; p Z 0.295). The type of
endarterectomy and the method of anaesthesia had no
effect on mortality (Fig. 1 and Table 2). The mortality was
significantly higher in patients above the age of 75 years,
both in female and male patients (Table 3). Contralateral
occlusion did not influence mortality (Table 4).
The overall stroke rate was 1.9%. All stroke rates were
in-hospital results. There was no significant difference
between the stroke rate of symptomatic and asymptomatic
patients (2.08% vs. 1.67%; p Z 0.085). The method of
anaesthesia had no effect on stroke rate. There was
a significantly higher perioperative stroke rate (p Z 0.002)
in patients who had contralateral occlusion (Table 4).
Comparing the stroke rates of different types of CEA,
standard endarterectomy without patch had a significantly
higher stroke rate (p Z 0.015) than the standard method
with patch (Fig. 2 and Table 5). The rate of transient0
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Figure 1 Mortality of different types of CEA (combined in-
hospital and 30-day).ischaemic attacks (TIAs) following carotid surgery was also
significantly higher in this group of patients. The statistical
analysis confirmed a higher perioperative stroke rate in
female patients above the age of 75 years, whereas this
difference was not observed in male patients (Table 3).
Cranial nerve injury following carotid surgery was
recorded in 3.6% of patients. It was more frequent in the
group of patients with standard endarterectomy without
patch than in the other two groups (Table 6).
Discussion
RCTs are considered to be the gold standard in clinical
research, but they do have limitations. An RCT has high
internal but often a questionable external validity. Many
RCTs recruiting patients randomise only a fraction of
eligible patients. They tend to be performed on selected
patients in selected centres and, therefore, the conclusions
drawn from RCTs are not always generalisable.1
Population-based registries can yield information on
a more heterogeneous population. One of the great
advantages of registry data is that they can provide infor-
mation on actual practice in treating unselected patients.9
The large database and fast feedback enable the evaluation
of vascular surgery and outcomes over time, and this is an
important issue in a speciality with rapidly evolving new
technology.10 A knowledge of an overall outcome based on
the results of vascular registries can be an essential
component of our discussions with health-care systems.
The Vascunet registry was set up to fulfil this purpose.11
Data from population-based registries are highly depen-
dent on their external and internal validity. One of the most
important concerns is underreporting. In a study in Norway,
a significant underreporting of CEAs was shown when
comparing the National Vascular Registry with the National
Administrative Registry.12 The internal and external validity
of data in the registries that contributed to the Vascunet
Registry have been evaluated in several research projects.
The external validity of the Swedvasc Registry was assessed
in a study comparing the registry data for carotid, infrain-
guinal bypass and aortic aneurysm procedures with the
National Population Registry by matching every individual
patient using the unique personal identity numbers. The
external validity proved to be 93.4%.13,14 TheDanish Vascular
Registry checked internal validity by re-registration finding
90% agreement on procedure codes and indication.15 In
Norway, the external validity of CEA was 84%.12 Finnvasc
reported an external validity of 81% when compared with
hospital records.16 It is generally accepted that registry data
Table 3 Stroke and mortality according to age and gender.
<75 years >75 years Significance
Stroke male 381/20 309 (1.8%) 190/11 408 (1.7%) p Z 0.184
Stroke female 142/8887 (1.6%) 121/6078 (2%) p Z 0.078
Mortality male 78/20 561 (0.4%) 67/11 500 (0.6%) p < 0.01
OR:1.536
95%CI 1.107e2.130
Mortality female 32/9017 (0.4%) 36/6123 (0.6%) p < 0.01
OR: 1.657
95%CI 1.028e2.670
1,5
2
2,5
n=95
n=104
n=102
n=58
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recent study demonstrated that registry data appear unbi-
ased by missing cases with poor outcomes; therefore regis-
tries can provide valuable information for decisionmaking.17
One of the limitations of this investigation is, however, that
not all the registries contributing to the Vascunet Common
Database have performed investigations of internal and
external validity. Improving validity is one of the most
important issues that need to be addressed by the Vascunet
Group. One option is setting up minimum standards for vali-
dation before countries can submit data to the Vascunet
Common Database. Another possible solution is to launch
a ‘cross-country’ external validation system. These issues
were discussed repeatedly within the collaboration, but so
far no decisions have been taken.
Another limitation is the incompleteness of data for
some of the studied variables. Most of the missing data
were, however, explained by the fact that not all registries
recorded all variables. In this situation, the risk of bias is
less pronounced than if individual registered patients have
incomplete data sets, which was uncommon.
Although CEA proved effective for the prevention of
stroke in many randomised studies, there is still insufficient
evidence from RCTs as towhich type of CEA provides a better
outcome.7 A Cochrane review included seven randomised
trials; however, the quality of trials was evaluated as
generally poor. In this review, carotid patch angioplasty was
associated with a reduction in the risk of stroke or death in
the perioperative period, a reduced risk of perioperative
arterial occlusion, and a decreased restenosis during follow-
up.18 A randomised trial comparing 216 primary closureswith
206 patch angioplasties could not find any difference in
perioperative complications.19 In a systematic review, Cao
et al. found no evidence from randomised trials that eversion
CEA is associated with a lower rate of neurological events
than conventional endarterectomy, although it may beTable 4 Stroke and mortality with and without contra-
lateral occlusion.
N Z 9639 No occlusion
n Z 8760
Occlusion
n Z 879
Significance
Mortality 62 (0.7%) 9 (1.0%) 0.317.
Stroke 219 (2.5%) 40 (4.6%) p Z 0.002
OR: 1.891
95%CI 1.340e2.670.associated with a lower risk of carotid occlusion and reste-
nosis.20 In our study, the results ofmore than 15 000 analysed
carotid operations seemed to confirm the benefit of patch
angioplasty over standard closure without patch in terms of
perioperative stroke and TIA rate. Eversion endarterectomy
performed similarly to patch angioplasty. It is difficult to
draw firm conclusions from the available RCTs as to which
patch material produces the best outcome. Unfortunately,
there areno data about thematerial used for patch closure in
our registry. It is worth mentioning that the type of CEA did
not affect the mortality rate. It should be noted that peri-
operative stroke and death rate in the registry were consid-
erably lower compared with the results of RCTs, which may
be due to underreporting, but it may also indicate that
outcomes of CEA have improved over the last years.
Recent articles on surgical treatment of octogenarians
demonstrated that the major adverse event rate was
similar to that of non-octogenerians.21 Our analysis did not
confirm this finding. The combined in-hospital and 30-day
mortality was higher in patients above 75 years of age and
the perioperative stroke rate was also higher in female
patients in this age group.
Occlusion of the contralateral internal carotid artery has
often been considered as a predictor of adverse neurologic
outcomes following CEA. In the North American Symptom-
atic Carotid Endarterectomy Trial, the risk of perioperative
stroke was found to be higher in patients with a contralat-
eral carotid occlusion.2 A meta-analysis, based on 190
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Figure 2 Stroke and TIA following different types of CEA.
Table 5 Statistical comparison of stroke and TIA following
different types of CEA (chi-squared test).
WOP vs. WP WOP vs. EEA WP vs. EEA
Stroke p Z 0.015
OR:1.417
95%CI 1.068e1.879
p Z 0.229 p Z 0.210
TIA p < 0.001
OR: 3.051
95%CI
1.950e4.773
p < 0.001
OR: 1.992
95%CI
1.320e3.004
p Z 0.082.
WOP: endarterectomy without patch, WP: with patch, EEA:
eversion endarterectomy.
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higher perioperative stroke rate of 3.7% compared with
2.4% (pZ 0.002) in the presence of a contralateral carotid
occlusion.22 In a literature survey in 2004, however,
a significantly increased risk of perioperative stroke was
found in only 1 out of 17 studies on contralateral carotid
occlusion patients.23 Our analysis on 9368 carotid opera-
tions seems to confirm the view that the risk of stroke is
higher following CEA in patients with contralateral internal
carotid occlusion. It is likely that many previous investiga-
tions have suffered from type-II statistical error. After all,
stroke after CEA is a rare event, and large studies are
needed to confirm if stroke rates differ between surgical
techniques.
There has been heated debate over the past decade
whether local anaesthesia provides any benefit over
general anaesthesia. In a Cochrane review, the results of
the meta-analysis of randomised and non-randomised
studies were controversial.24 The results of a recent large
multicentre trial (General Anaesthetic versus Local Anaes-
thetic for carotid surgery, GALA) have shown that primary
outcome events were not significantly different when
comparing the outcome following surgery performed either
in LA or GA.25 The findings of the present analysis based on
a huge database were similar to those of the GALA Trial: no
significant difference was found in the postoperative stroke
or death rate between the groups of patients undergoing
carotid surgery in locoregional or general anaesthesia. It isTable 6 Cranial nerve injury following different types of
CEA.
n Z 11 566 Number Significance
WOP vs. WP 196 (5%)
186 (3.1%)
p Z 0.001
OR: 0.600
95%CI 0.489e0.736
EEA vs.WOP. 44 (2.9%)
196 (5%)
p < 0.01
OR: 0.579
95%CI 0.415e0.807
WP vs. EEA. 186 (3.1%)
44 (2.9%)
p Z 0.833
WOP: endarterectomy without patch, WP: with patch, EEA:
eversion endarterectomy.important to investigate if results from RCTs are applicable
to daily practice in non-selected patients cohorts, and this
result can thus confirm the important finding of the GALA
Trial.
The reported incidence of cranial nerve injury after CEA
varies between 2% and 40%.26,27 Most of the patients
recover after a few weeks or months; however, the injury
can cause significant suffering among the patients. In our
series, cranial nerve injury was recorded in 3.6% of patients
after CEA. This was unaffected by the type of anaesthesia,
but seemed to be greater for the standard approach
without a patch than eversion or patched endarterectomy.
There is no apparent reason for this; it may be due to
confounding factors. An alternative explanation is that
surgeons not using a patch do the operation more hurriedly.
It was observed in the European Carotid Surgery Trial
(ECST) that a quick operation was associated with worse
outcome.3
Conclusions
This article reports one of the largest series of patients
undergoing CEA in 10 countries. A low perioperative stroke
and death rate were demonstrated. Postoperative stroke
rates were higher in female patients over the age of 75
years, in those with contralateral carotid occlusion and in
those in whom carotid patching or eversion was not
performed.
Although there are limitations to this type of registry,
reporting the large number of cases involved provides
useful information on outcomes following CEA, which
complements the existing data from RCTs.
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